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,QWURGXFWLRQ
7KH VKHDU EHKDYLRU RI FRQFUHWH VWUXFWXUHV LV D IXQGDPHQWDO UHVHDUFK WRSLF ZKLFK ZDV DOUHDG\ VFLHQWLILFDOO\
H[DPLQHG IRU PDQ\ \HDUV VWDUWLQJ ZLWK WKH HDUO\ ZRUN RI +HQQHELTXH 5LWWHU DQG 0|UVFK LQ WKH WK FHQWXU\
1HYHUWKHOHVVVRPHTXHVWLRQVUHJDUGLQJWKHVKHDUEHKDYLRULQUHLQIRUFHGFRQFUHWH5&HOHPHQWVVSHFLILFDOO\WKHIRUFH
IORZ WKURXJK WKHPHPEHU DQG DFURVV FUDFNV DW XOWLPDWH VWDWH FDQ VWLOO EH DQVZHUHG RQO\ SDUWLDOO\$OWKRXJK WKH
IXQGDPHQWDO FRUUHODWLRQV DQG ORDG VXSSRUWLQJ FRPSRQHQWV IRU WKH VKHDU GHVLJQ RI VWUXFWXUHV DUHPHDQZKLOHZHOO
NQRZQWKHUHLVDFRQWLQXLQJGHEDWHRQWKHLUUHVSHFWLYHFRQWULEXWLRQVDQGRQFRQYHQLHQWDSSURDFKHVIRUWKHGHVLJQ
5HFHQWO\ QHZ LVVXHV DURVH GXH WR WKH XVH RI QHZPDWHULDOV VXFK DV 8OWUD+LJK 3HUIRUPDQFH ILEHUUHLQIRUFHG


















ORFDO FRRUGLQDWH V\VWHP )RU FUDFNHG VHFWLRQV VWDWH ,, LW WKHQ EHFRPHV PRUH FRPSOLFDWHG DV GLIIHUHQW EHDULQJ
PHFKDQLVPVKDYHWRGHYHORSWRILQGHTXLOLEULXPDJDLQ7KHPDLQPHFKDQLVPVIRUWKHWUDQVPLVVLRQRIVKHDUVWUHVVHV
LQWKHFUDFNHGVWDWHIRUEHDPVZLWKRXWVKHDUUHLQIRUFHPHQWDUHZLGHO\NQRZQWKHFRQWULEXWLRQRIWKHFRPSUHVVLYH
FRQFUHWH ]RQH FUDFN IULFWLRQ DQG DJJUHJDWH LQWHUORFN EHWZHHQ WKH FUDFN HGJHV GRZHO HIIHFW RI WKH ORQJLWXGLQDO
UHLQIRUFHPHQWDQGWHQVLOHIRUFHVLQWKHIUDFWXUH]RQH
)RUJLUGHUVZLWKVWLUUXSVRUVWHHOILEHUUHLQIRUFHPHQWLQWKHZHEDQHTXLYDOHQWFRQWDFWUDWLRLVDGGHG7KHSUREOHP
LV WR YHULI\ WKH DSSURSULDWH TXDQWLWDWLYH FRQWULEXWLRQV IRU GLIIHUHQW FLUFXPVWDQFHV VXFK DV WKH FURVV VHFWLRQDO
GLPHQVLRQV WKH W\SH RI ORDGLQJ WKH JHRPHWU\ DQG WKH W\SH DQG DPRXQW RI FRQFUHWH DQG ILEHU UHLQIRUFHPHQW
7KHUHIRUHIXUWKHUFRQVLGHUDWLRQVIRUVSHFLILFFDVHVKDYHWREHXQGHUWDNHQWREURDGHQH[SHULHQFHDQGH[SHUWLVHLQWKLV
ILHOG,QWKLVFRQWH[WWZR5	'SURMHFWVDUHRQJRLQJDW780ZKLFKVKDOOEHGHVFULEHGLQWKHIROORZLQJ
2.2. Investigations on prestressed bridge girders made of UHPFRC 





'XH WR WKH FKDUDFWHULVWLFV RI8+3)5& WKH FURVV VHFWLRQDO GLPHQVLRQV XVXDOO\ GHYLDWH IURP VWDQGDUG FRQFUHWH
FRQVWUXFWLRQDQGDVDUHVXOWWKHORDGEHDULQJEHKDYLRUPLJKWEHGLIIHUHQW%HVLGHVWKDWWKURXJKWKHXVHRIVWHHOILEHU
UHLQIRUFHPHQW DGGLWLRQDO TXHVWLRQV DQG FKDUDFWHULVWLFV DULVH ZKLFK KDYH WR EH FRQVLGHUHG LQ WKH GHVLJQ 8VLQJ





HWF DUH EHLQJ XQGHUWDNHQ QXPHULFDOO\ DQG H[SHULPHQWDOO\ ,Q WKLV UHJDUG WKH VL]H HIIHFWZLOO DOVR EH H[DPLQHG
WKURXJKWKHXVHRIVSHFLPHQVZLWKGLIIHUHQWFURVVVHFWLRQKHLJKWV IURPPWRPIRUDOO WHVWV$VSUHYLRXV
UHVHDUFKSURMHFWV>@VKRZWKHUHLVDSURQRXQFHGVL]HHIIHFWIRUVOHQGHU8+3)5&EHDPVZLWKRXWVKHDUUHLQIRUFHPHQW











2.3. Consideration of outdated stirrups for the re-analyses of bridges in Germany 
7KHUHTXLUHPHQWVIRUH[LVWLQJEULGJHVLQ*HUPDQ\KDYHLQFUHDVHGFRQVLGHUDEO\LQWKHSDVWIHZ\HDUVGXHWRULVLQJ
WUDIILF YROXPHV0DQ\ ROGHU EULGJHV ZHUH GHVLJQHG IRU ORDG PRGHOV ZKLFK GR QRW IXOILOO WRGD\¶V VSHFLILFDWLRQV
)XUWKHUPRUH WKH GHVLJQ YDOXHV IRU WKH VKHDU FDSDFLW\ KDYH XQGHUJRQH VHYHUDO PRGLILFDWLRQV RYHU WLPH $V D
FRQVHTXHQFH UHDQDO\VHV RI WKHVH EULGJHV RIWHQ UHVXOWV LQ D VLJQLILFDQWO\ KLJKHU DPRXQW RI QHFHVVDU\ VKHDU
UHLQIRUFHPHQW DQG WKH GHVLJQ FDQ¶W EH IXOILOOHG DFFRUGLQJ WR FXUUHQW VWDQGDUGV:LWKLQ WKH IUDPHZRUN RI DPDMRU















VLJQLILFDQWO\ UHGXFHG 2QO\ D IHZ LQYHVWLJDWLRQV H[LVW ZKLFK GHDO ZLWK WKH LQIOXHQFH RI GLIIHUHQW W\SHV RI VKHDU
UHLQIRUFHPHQW>@>@>@>@>@IRUH[DPSOHIRUVWLUUXSVZKLFKDUHQRWFORVHGZKHUHWKHPDLQIRFXVZDVRQWKH
LQIOXHQFHRI IUDFWXUHGVWLUUXSV7KXV IXUWKHU UHVHDUFK LQ WKH IRUPRIH[SHULPHQWDODQGQXPHULFDO LQYHVWLJDWLRQV LV
XUJHQWO\QHHGHGKHUHWRFRQVLGHUWKHVHVSHFLDOFRQGLWLRQV
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3.2. Numerical Studies on UHPFRC bridge girders 






ZDV PDGH 7KH VWXG\
LQFOXGHG D YDULDWLRQ RI WKH
FURVV VHFWLRQ KHLJKW WKH
DPRXQW RI VWHHO ILEHU
UHLQIRUFHPHQW WKH VKHDU
UHLQIRUFHPHQW UDWLR LQ WKH
ZHE DQG WKH GHJUHH RI
SUHVWUHVVLQJ)LJXUHJLYHV
DQ RYHUYLHZ RI WKH
GLPHQVLRQV IRU WKH GLIIHUHQW
FURVVVHFWLRQW\SHV7KHGLVWDQFHEHWZHHQWKHVWLUUXSVZDVNHSWFRQVWDQWZLWKDYDOXHRIFPDQGWKHSUHVWUHVVLQWKH























































ZLWK VWUDLJKW URG HQGV XQGHU UHDOLVWLF FRQGLWLRQV LW LV
QHFHVVDU\ WR WDNH LQWR DFFRXQW WKH ERQG EHKDYLRU EHWZHHQ
UHLQIRUFHPHQW DQG FRQFUHWH DV WKH QRUPDO IRUFHV LQ WKH
YHUWLFDOSDUWVRIWKHVWLUUXSVDUHQRWDQFKRUHGWRWKHIODQJHV
EXWKDYHWREXLOGXSRYHUDFHUWDLQGHYHORSPHQW OHQJWK$V
WKLV DSSURDFK LV QRW HDV\ WR PRGHO QXPHULFDOO\ WKH
FDOFXODWLRQVKDYHWREHFDUHIXOO\YDOLGDWHGLQGHWDLO7KHUHIRUH
WKH EHKDYLRU RI VWLUUXSV ZKLFK SDUWLDOO\ H[LVW RI YHUWLFDO
PHPEHUVRQO\FRPSDUH)LJXUHZDVVWXGLHGE\PRGHOOLQJ
H[SHULPHQWVIURPOLWHUDWXUH)RUWKLVSXUSRVHWKHWHVWVHULHVRI
>@ ZDV XVHG ZKHUH WKH HIIHFWV RI FRUURVLRQ RQ VWLUUXS
DQFKRUDJHE\UHSODFLQJXSWRRIVWLUUXSVZLWKVWUDLJKW
OHJJHGVKHDUUHLQIRUFHPHQWZHUHLQYHVWLJDWHG$OWKRXJKWKLV







WKHERWWRP7KH\LHOG VWUHQJWK IRU WKH UHLQIRUFHPHQWZDV03D IRU WKHPDLQEDUV DQG03D IRU WKH VKHDU
UHLQIRUFHPHQW7DEOHVXPPDUL]HVWKHSURSHUWLHVRIWKHWHVWVZKLFKZHUHPRGHOOHG
7DEOH3DUDPHWHUVRIVSHFLPHQ¶VFURVVVHFWLRQVDQGPDWHULDOGDWDIRUVHOHFWHGWHVWVE\>@IRUWKHUHFDOFXODWLRQZLWK)(0
 9 9 9
FURVVVHFWLRQKHLJKW P P P
VKHDUUHLQIRUFHPHQW  ∅FP ∅FP
SHUFHQWDJHRIVWUDLJKWOHJJHGVWLUUXSV   



















WUDQVIHURI IRUFHV LV RQO\ SDUWO\ SRVVLEOH IRU WKH VSHFLPHQZLWKRXW
VWLUUXSVWKHVKHDUUHLQIRUFHGEHDPVFDQDEVRUEWKHIRUFHVZKLFKDUH
UHOHDVHGE\WKHJURZWKRIVKHDUFUDFNVRYHU WKHFUDFNHGJHVPRUH





WR EXLOG XS RYHU D FHUWDLQ OHQJWK VHH )LJXUH  +RZHYHU WKH
EHQHILFLDOLQIOXHQFHRIWKHVWUDLJKWOHJJHGVWLUUXSVLVFOHDUO\YLVLEOH
ZKLFKPHDQV WKDW WKLV W\SHRIVKHDUUHLQIRUFHPHQWVKRXOGEH WDNHQ
LQWR DFFRXQW IRU WKH HYDOXDWLRQ RI WKH VKHDU FDSDFLW\ RI H[LVWLQJ
EULGJHV
)RUPDQ\H[LVWLQJEULGJHVLQ*HUPDQ\VPRRWKUHLQIRUFLQJEDUVZHUH
XVHG 7KLV REYLRXVO\ LQIOXHQFHV WKH VKHDU FDSDFLW\ DV WKH ERQG







4.1. Testing technology and planned testing program 
)RUWKHXSFRPLQJWHVWVDW780DQLQQRYDWLYHH[SHULPHQWDOVHWXSZDVGHYHORSHGZKLFKDOORZVUHDOLVWLFWHVWLQJRI
FRQFUHWH EHDPV DW UHGXFHG VFDOH XVLQJ WKH VXEVWUXFWXUH WHFKQLTXH 7KXV DQ H[SHULPHQWDO LQYHVWLJDWLRQ RI EULGJH
JLUGHUVLQVKHDUDQGEHQGLQJZLWKUHDOLVWLFKHLJKWVDQGDUHGXFHGOHQJWKLVSRVVLEOH+HUHE\WKHFUHDWLRQRIDUELWUDU\
VWUHVVVWDWHVFDQEHDFKLHYHGE\DSSO\LQJORDGLQJDQGLQWHUQDOIRUFHVXVLQJH[WHUQDOK\GUDXOLFMDFNVVHH)LJXUH
7KH JUHDW DGYDQWDJHV RI WKLV WHFKQLTXH DUH WKDW VPDOOHU ORDGV DUH QHFHVVDU\ FRPSDUDEOH ZKHQ XVLQJ V\PPHWU\
FRQGLWLRQVHDVLHUKDQGOLQJDQGGLVSRVDOLVSRVVLEOHPDWHULDOLVVDYHGDQGWKHSRVLWLRQLQJRIWKHPHDVXULQJV\VWHPV
LVFOHDUO\GHILQHG7KLVPDNHVLWSRVVLEOHWRFDUU\RXWDKLJKHUQXPEHURIWHVWV7KHJHRPHWU\RIWKHWHVWVSHFLPHQV
IROORZV OHQJWK WRKHLJKW UDWLRRI DSSUR[LPDWHO\ WR FRQVLGHU D ORDG LQWURGXFWLRQ ]RQH DFFRUGLQJ WR6W9HQDQW¶V
SULQFLSOH$UELWUDU\VHFWLRQVRIWKHEULGJHJLUGHUFDQEHDQDO\]HGXVLQJWKLVDSSURDFK7KHLQWHUQDOIRUFHVEHQGLQJ












EULGJHV LVRISDUWLFXODU LQWHUHVW)RU WKLVFDVH WKHVKHDUIRUFHZLOOEHDFWLYHO\DSSOLHGRQRQHHQGDQG WKHEHQGLQJ
PRPHQWZLOOEHDSSOLHGRQWKHRWKHUHQGZKHUHDVULJLGURGVHQVXUHWKHHTXLOLEULXPRQWKHRSSRVLWHHQGV
$FNQRZOHGJHPHQWV
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